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Introduction to the Master’s Paper 
 
The following Master’s Paper is divided into two main parts.  The first is a literature 
review on peripheral nerve blocks (PNB).  The goals of the literature review are to (1) determine 
the incidence of long term neurological complications of PNB, (2)  determine an optimal 
guidance technique to perform PNB, and (3) determine if the local anesthetic adjuvant clonidine 
improves quality and prolongs duration of PNB. 
 The second part of the paper is an original research manuscript on PNB.  The goals of 
this non-randomized, quasi-experimental study are to assess the effectiveness of PNB in terms of 
minor complications, patient satisfaction, and duration from time of block placement until pain 
onset, return of strength, and return of sensation.  The effects of various techniques and local 
anesthetic adjuvants on these outcomes are explored. 
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PART 1: 
 
Peripheral Nerve Block:  
A Literature Review of Complications, Optimal Technique, and Adjuvants 
 
INTRODUCTION 
Twenty-seven million surgical procedures are performed each year in the United States, 
and an essential part of intra-operative and postoperative care is adequate pain control.
1 
 
Unfortunately, as many as 80% of postoperative patients complain about uncontrolled moderate 
to severe postoperative pain.
2 
 Failure to provide adequate analgesia impedes early physical 
therapy and delays recovery, leads to prolonged hospital stay, increases medical costs, increases 
patient suffering, and leads to poor patient satisfaction.
3 
 Many treatment regimens for managing 
postoperative pain include significant doses of parenteral opioid medications.  These treatment 
regimens are often associated with significant opioid related side effects including sedation, 
nausea, vomiting, pruritus, ileus, and urinary retention that negatively affect patient outcomes.
4
 
Peripheral nerve block (PNB) is a commonly used procedure that can be used for surgical 
anesthesia and management of postoperative pain.  PNB can provide superior analgesia with 
fewer side effects when compared to conventional opioid analgesia delivered intravenously 
either on-demand or patient-controlled.
4 
 PNB has also been shown to enhance patient 
rehabilitation and maximize patient comfort.
5 
 However, PNB is also associated with risks.
5 
 
Although rare, persistent neurologic and other serious complications after PNB can be 
devastating to patients.
6 
 While several prospective studies reported incidence rates of severe 
neurological complications ranging from 2.7-21.1 per 10,000 procedures,
7 8 9 10 
the incidence of 
complications after PNB still remains a matter of debate.
11 12 13 
 
Multiple techniques are used to perform PNB, but for the past two decades the use of a 
peripheral nerve stimulator has been considered the ‘gold standard’ technique to achieve regional 
 5 
anesthesia.
14 
 However, with the recent proliferation of ultrasound (US) guided PNB there has 
been much debate on the merits of US technology in comparison to nerve stimulation.  Whether 
the use of US can improve clinicians’ ability to successfully perform PNB remains in question.  
A recent systematic review consisting of several randomized controlled trials (RCT) was unable 
to conclusively demonstrate a superior technique.
15 
 
Many adjuvants are combined with local anesthetics to increase the efficacy of PNB, with 
clonidine being one of the most common.  Clonidine’s effects when given intrathecally or 
epidurally have been well described and are related to the drug’s alpha-2 agonist properties.16  
The central nervous system contains numerous alpha-2 receptors and clonidine interacts with 
these receptors resulting in sedation and analgesia.
17 
 The benefit of clonidine in PNB is less well 
known.  Several RCTs and a few systematic reviews were conducted to determine if clonidine 
improves quality and duration of block, but they produced mixed results.
18 19 
 
The superiority of PNB over opioids is well established, but the incidence of 
complications, the optimal technique to perform PNB, and the use of local anesthetic adjuvants is 
still a matter of dispute.  The goals of this systematic review are to (1) determine the incidence of 
long term neurological complications of PNB, (2)  determine an optimal guidance technique to 
perform PNB, and (3) determine if the local anesthetic adjuvant clonidine improves quality and 
prolongs duration of PNB. 
 
METHODS 
 In order to find all studies that have examined the complication rates of PNB, compared 
PNB techniques, and examined the benefit of adjuvants such as clonidine, I searched the 
MEDLINE database.  The MESH key words ‘nerve block’ AND ‘analgesia’ AND ‘outcome 
 6 
assessment’ OR ‘quality assurance’ OR ‘quality improvement’ were used.  These key words 
ensured a wide range of articles that examined numerous aspects of PNB.  When potential 
articles were retrieved, the articles’ MESH terms were examined to determine if additional key 
words should be added to the search.  Searches were limited to studies performed using human 
subjects and published in English between March 2000 and March 2010.  The author examined 
titles and abstracts to further refine the search and eliminated studies that did not answer one of 
the three parts of the focused question.  I obtained the full text of all relevant articles to further 
eliminate non-relevant articles.  The references of retrieved articles were also searched to yield 
additional relevant studies. (See Appendix 1) 
 Eligibility criteria included studies focused on effectiveness and safety of PNB, 
neurological and other complications of PNB, ultrasound guidance compared with nerve 
stimulation as a technique for PNB, and clonidine as an adjuvant to local anesthetics for PNB.  
Studies containing qualitative data only were excluded.  Systematic reviews and meta-analyses 
were selected over other study designs when available.  RCTs were sought if no systematic 
review existed.  Prospective studies were included if neither systematic review nor RCT was 
available.  Large prospective studies were chosen over smaller studies.  A more recent 
publication date was also considered when selecting studies. 
 Included studies were then rated for methodological quality by the author.  Studies were 
rated using a three item scoring system: for prospective studies this included selection bias, 
measurement bias, and confounding; for systematic reviews and meta-analysis this included 
search strategy, method of appraisal, and synthesis of evidence.  Each item was rated on a scale 
of +, ++, or +++, with fewer +’s representing better quality.  Each study could receive a score 
between three and nine +’s.  Studies receiving three or four +’s received overall study quality 
 7 
rating of good, studies receiving five to seven +’s received an overall study quality rating of fair, 
and studies receiving eight or nine +’s received an overall study quality rating of poor and were 
excluded from the analysis. 
The author extracted data from each study to an evidence table (see Appendix 2).  The 
data included: study design, population and exclusion criteria, main study exposures, main study 
outcomes, and main study results.  Internal validity, external validity, study limitations, and 
overall study strength were then judged by the author.  Evidence was synthesized qualitatively 
because the variety of study aims and study design did not make it possible to perform 
quantitative analysis. 
 
RESULTS 
Retrieved and Analyzed Studies 
Of 242 retrieved citations, 27 were potentially relevant based on the article’s title.  Upon 
review of the remaining studies’ abstracts, 19 studies were excluded because they did not answer 
any of the present study’s focused questions.  The full text of the remaining 8 studies was 
reviewed.  After examining the reference lists of these 8 studies, 3 additional studies were 
discovered that appeared relevant to the study questions.  The 11 studies were divided into 3 
categories based on the study question they answered.  Seven of the 11 studies were applicable to 
finding the complication rate of PNB.  Three studies were excluded because they received ‘poor’ 
quality ratings, and one study was excluded because it only examined orthopedic patients 
receiving PNB.  Two of the 11 studies were relevant to determining whether there is an optimal 
technique to perform PNB.  Both were systematic reviews published in 2009 and included many 
of the same studies.  One of the reviews was qualitative while the other included a meta-analysis.  
 8 
The quantitative review was included in the present study and the qualitative review was 
excluded.  Two of the 11 studies were relevant to examining the use of clonidine in PNB.  One 
study was excluded because it contained only a qualitative review.  Overall, 5 studies involving 
13,020 patients receiving PNB were included in this review; 3 large prospective studies,
6 10 20 
and 
2 systematic reviews with meta-analyses,
15 21 
(see Appendix 1). 
Outcomes  
Complications 
 Three large prospective studies
6 10 20 
examined complications associated with PNB.  All 
studies measured incidence of persistent neurological complications as a primary outcome.  
Neurological complications related to anesthesia were defined as new onset of sensory or motor 
deficit, neuropathic pain, or paresthesia consistent with the nerve distribution of the block 
performed and without other identifiable cause.
6 
 Persistence was defined differently by each 
study, ranging from neurologic symptoms lasting more than 5 days,
10 
7-10 days,
6 
or 6 months.
20 
 
Each study evaluated neurologic symptoms by referral to a neurologist who conducted further 
testing, most often with nerve conduction studies.  The studies gave incidences of major 
neurological complications of 0.4,
6 
0.6,
10 
and 2.2
20 
 per 1000 nerve blocks.  Deficits lasting more 
than 6 months occurred in 3 of the 7 patients who had major neurological complications.  Other 
acute complications specifically addressed by individual studies included anesthetic toxicity, 
pain relief, nausea and vomiting, block failure, and infection rate; all of which were rare. 
Optimal Technique 
 One systematic review and meta-analysis
15 
compared the use of US guidance to electrical 
neurostimulation guidance in the performance of PNB to determine if one was more effective. 
The review included 13 RCTs involving 946 child and adult patients.  The primary outcome was 
 9 
PNB success, defined as a block that did not provide adequate anesthesia for the planned surgical 
procedure, required a supplemental block, required additional analgesic medications, or was 
converted to spinal or general anesthesia.  US guided PNB were more likely to be successful 
with a risk ratio (RR) for block failure of 0.41, and a 95% confidence interval (CI) of 0.26-0.66.  
The review had several secondary outcomes that showed US guided PNB took less time to 
perform (mean 1 min less with US, 95% CI 0.4-1.7 min), had faster onset (29% shorter onset 
time, 95% CI 45-12%), and had longer duration (mean difference 25% longer, 95% CI 12-38%), 
than PNB performed with nerve stimulation.
15 
 
 Clonidine as an Adjuvant 
 One systematic review and meta-analysis
21 
examined the use of clonidine as an adjuvant 
to local anesthetics in PNB.  The meta-analysis included 20 RCTs involving 1,054 adult patients 
who received local anesthetic plus clonidine, or local anesthetic plus placebo to achieve PNB.  
The primary outcome was duration of postoperative analgesia, sensory block, and motor block.  
The addition of clonidine prolonged postoperative analgesia by 122 minutes on average (95% CI 
74-169) compared to placebo.  Clonidine increased the postoperative duration of sensory block 
by a mean of 74 minutes (95% CI 37-111), and motor block by a mean of 141 minutes (95% CI 
82-199) compared to placebo.  The secondary outcomes of the meta-analysis were complications 
associated with the use of clonidine.  Clonidine increased the risk of arterial hypotension, 
orthostatic hypotension, bradycardia, and sedation.  While the dosage of clonidine ranged from 
30-300 μg, most patients received 150 μg.  There was a lack of evidence of dose-responsiveness 
for beneficial and harmful effects of clonidine.
20 
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DISCUSSION 
 This systematic literature review demonstrates that peripheral nerve blockade has a low 
incidence of persistent neurologic complications; the use of ultrasound guidance is a superior 
technique to peripheral nerve stimulation guidance in the performance of PNB; and, that 
clonidine is a useful adjuvant to local anesthetics for PNB. 
 Three recent prospective studies on complications associated with PNB found an 
incidence of major neurological complications of 0.4, 0.6, and 2.2 per 1000 nerve blocks.
6 10 20 
 
The majority of these neurological deficits resolved within 6 months.  The three studies also 
examined various acute complications associated with nerve blockade, including incidence of 
anesthetic toxicity, pain relief, nausea and vomiting, block failure, and infection rate.  The 
incidences of these acute complications were also low and were all of a transient nature.  These 
studies show that PNB is a safe method of providing analgesia in the surgical setting.  Overall, 
the evidence quality from the three studies was good.  Each was large, containing data on over a 
thousand nerve block procedures.  All studies enrolled patients in a consecutive fashion over 
months in an effort to reduce selection bias, collected data on multiple different types of upper 
and lower limb nerve block procedures, and had good follow up rates.  The internal validity of 
all three studies was rated as fair or good by the author and these studies are applicable to most 
middle aged patients from Western countries undergoing various operations on their upper or 
lower extremities. 
Previous studies reporting on neurological deficits after PNB note a wide range in the 
reported incidence of neurological complications.
22 
 In the late 1990’s, Auroy et al performed a 
very large prospective study reporting on major complications associated with all forms of 
regional anesthesia across multiple centers in France.  The study used self reporting to collect 
 11 
data from more than 21,000 PNB and found an incidence of neurologic injury of 1.9 per 10,000.
8 
 
Since then Borgeat et al
23 24 25 
and Candido et al
26 
have conducted more methodologically 
rigorous long term studies to examine neurologic outcomes after PNB.  Studies like Auroy’s that 
relied on self-reporting or others that rely on chart review consistently produce lower rates than 
those with prospective questioning and direct neurological follow-up, like Borgeat and Candido.  
The range of major complications from the three prospective studies examined in the present 
study, 0.4 – 2.2 per 1000 blocks, falls within the range of overall risk reported by other studies 
that used similar methodology (see Table 1). 
The systematic review and meta-analysis comparing US and nerve stimulator techniques 
in the performance of PNB suggests that US is the superior technique.
15 
 US guided PNB 
consistently showed higher success rates, shorter procedure and onset of nerve block times, and 
longer block duration.  US also performed better in regards to volume of local anesthetic needed 
to achieve block success, pain during block performance, percentage of procedures performed on 
the first attempt, and patient satisfaction.  US guidance appears to reduce the risk of accidental 
vascular puncture during block performance as well.  These results are based on a good quality 
systematic review that included 13 RCTs each of which had fair to good quality ratings on their 
own.  The biggest threat of the systematic review’s evidence is that the studies it evaluated were 
all relatively small, most with less than 100 participants. With small sample sizes, some of the 
findings could be the result of chance and it is important to interpret and apply the results 
carefully.  Overall, the systematic review had good interval validity and is generalizeable to both 
children and adults from Western countries undergoing PNB for various traumatic and elective 
surgical procedures. 
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The systematic review and meta-analysis of 20 RCTs suggests that clonidine may be a 
useful adjuvant to local anesthetics for PNB.
21 
 Its findings demonstrate that the duration of 
analgesic and motor block are prolonged by about 2 hours, and sensory block by slightly more 
than 1 hour.  However, clonidine increases the risk of arterial hypotension, fainting, bradycardia, 
and sedation.  The quality of evidence from this meta-analysis was rated as fair.  While the 
review included only RCTs that were good methodologically, each RCT in itself contained only 
a few patients, and the search and data extraction for each study was carried out by a single 
reviewer, making random chance and individual bias more likely.  The results of this meta-
analysis are fairly applicable to adults undergoing PNB for various upper or lower extremity 
surgeries. 
The results of the systematic review and meta-analysis examining the role of clonidine in 
PNB agree with some previous studies and disagree with others.  A review by McCartney et al 
reported that clonidine increased the duration of postoperative analgesia only when used as an 
adjuvant to intermediate acting, but not long acting, local anesthetics.
19 
 The present study shows 
that clonidine provides similar prolongation of analgesia with both intermediate and long acting 
local anesthetics. 
The evidence regarding PNB complications has several weaknesses.  The three studies 
examining PNB complications had prospective observational study designs.  While this design is 
good for determining incidence, loss to follow-up and confounding are often sources of bias.  
Two of the studies had good follow-up rates, while the study by Popping et al failed to mention 
follow-up rates completely.  Confounding is also a source of bias for these studies because none 
provided demographics or information on patient’s underlying medical conditions.  Certain 
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medical diseases, such as diabetes mellitus, have neurologic sequelae that may have influenced 
the studies’ results. 
The main limitations of the two meta-analyses were similar.  First, both contained studies 
with relatively few participants which increased the probability that their results are due to 
chance.  Second, as in any meta-analysis, it is not possible to control for any potential 
methodological flaws in any of the individual studies.  Both reviews claim to have excluded 
studies that they rated poor in quality and both contained only RCTs in an attempt to defend 
against this criticism.  The review by Abrahams also has potential for reporting and publication 
bias.
15 
 Recent enthusiasm over the use of US guidance in PNB may have lead individual 
researchers to only report on findings that support the use of US.  Along the same line, a study in 
favor of US may have been more likely to be published.  The meta-analysis by Popping has two 
additional limitations.  First, the search strategy and data abstraction were carried out by a single 
reviewer.  Second, only studies that did not have patients undergo general anesthesia in addition 
to PNB were included in the review.  Opioids, used in general anesthesia, may interfere with the 
action of clonidine.  A study by Culebras et al found that clonidine did not prolong postoperative 
analgesia when used in patients receiving general anesthesia.
27 
 
Limitations 
Overall, this literature review has limitations as well.  The search strategy was carried out 
by the single author.  In an attempt to reduce bias, the author had the search strategy reviewed 
and analyzed by an information scientist who concluded the strategy was acceptable.  Also, the 
data abstraction, analysis, and quality rating was performed by the single author.  However, the 
quality rating was well thought out and based on a system of selection bias, measurement bias, 
and confounding. 
 14 
In the present study, it was difficult to perform a meta-analysis for incidence rate of 
neurological complications resulting from PNB because each study reported complications 
differently and over a different time period.  Each study also had a different system for following 
up and evaluating patients experiencing neurologic symptoms.  In the future, pooled data from 
multiple centers, all using standardized data collection sheets, techniques, equipment, and 
neurological reviews should be collected and analyzed to further refine risk estimation and the 
cause of injuries associated with PNB.
20 
 Additional studies are also needed to demonstrate if US 
guided PNB can reduce the number of neurological complications associated with PNB.  
Additional studies are also needed to establish an optimal dose for either beneficial or harmful 
effects related to clonidine as an adjuvant.    
Conclusions 
 In conclusion, peripheral nerve blockade appears to be a safe and effective procedure for 
intra-operative and postoperative pain management with a low rate of complications.  
Complications that do arise are of an acute and temporary nature, with the majority resolving 
within 6 months.  US guided PNB is a superior technique to nerve stimulation in the 
performance of nerve blockade.  In addition, in patients undergoing surgery without general 
anesthesia, clonidine, when added to local anesthetics for PNB, prolongs the duration of 
postoperative analgesia.  Clonidine is associated with an increased risk of adverse effects such as 
orthostatic hypotension and sedation that may delay patient ambulation and therefore hospital 
discharge. 
 
 
 
 
 
 
 15 
 
 
Table 1. Risk for PNB related neuropathy. 
 
Author (year) Block Type N n Risk (%) Time 
Postop 
Borgeat (2001)
23 
 Mod Lat ISB 700 1 0.14 6 months 
Klein (2002)
28 
 Various 
upper/lower limb 
blocks 
2,382 4 0.17 3 months 
Borgeat (2003)
24 
 Interscalene 520 1 0.19 6 months 
Borgeat (2004)
25 
 Popliteal 500 0 0 6 months 
Candido (2005)
26 
 Interscalene 693 1 0.14 6 months 
Watts (2007)
20 
 Various 
upper/lower limb 
blocks 
1,065 2 0.22 6 months 
Popping (2008)
10 
 Brachial plexus or 
fem/sciatic 
3,111 2 0.06  
Barrington (2009)
6 
 Various 
upper/lower limb 
blocks 
7,156 3 0.04   
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PART 2: 
 
Peripheral Nerve Block Duration, Complications, and Patient Satisfaction: An Evaluation 
and Performance Improvement Study 
 
Abstract  
 
Background/Aims: 
The optimal technique for peripheral nerve blocks (PNB) and the use of local anesthetic 
adjuvants is still a matter of debate. The goals of this non-randomized, quasi-experimental study 
are to assess the effectiveness of PNB in terms of minor complications, patient satisfaction, and 
duration from time of block placement until pain onset, return of strength, and return of sensation.  
The effects of various techniques and local anesthetic adjuvants on these outcomes are explored. 
 
Methods: 
Data was collected over a six-week period on all patients having upper or lower limb surgery 
who received a single-injection PNB as part of their anesthesia care by the Regional Pain Service. 
Data on outcomes of PNB effectiveness, complications, and patient satisfaction were obtained 
within 48 hours after PNB placement through a brief standardized verbal questionnaire. 
 
Results 
Fifty-five patients received one single-injection PNB during the study period. Fourteen patients 
(25%) experienced a minor complication as a result of the PNB (5 of these patients experienced 
myalgia, 1 experienced hematoma, and 1 experienced pruritus at the site of nerve block). Eighty-
nine percent of patients reported a satisfaction score of 5 or greater on a 10-point scale.  The 
majority of patients (93%) reported that they would consent to having a future PNB. Overall, 
there were no statistically significant relationships between PNB technique and mean hours until 
pain onset, return of strength, or return of sensation. There were also no statistically significant 
relationships between local anesthetic adjuvant use and mean hours until pain onset, return of 
strength, or return of sensation. 
 
Discussion: 
The study demonstrates that PNB is an effective and well-tolerated method of providing 
anesthesia in the surgical setting.  The various local anesthetic adjuvants and PNB techniques 
were equally efficacious, with blocks lasting for statistically similar durations in regard to pain 
onset, return of strength, and return of sensation.  Overall, the blocks reported in this study were 
associated with a low incidence of minor complications, all of a transient nature, and no patient 
experienced a serious neurological complication. Patients reported a high rate of satisfaction with 
PNB.  
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INTRODUCTION 
 
 Approximately twenty-seven million surgical procedures are performed each year in the 
United States, and an important part of postoperative care is adequate pain control.
1 
  
Unfortunately, studies have found as many as 80 percent of patients complain about uncontrolled 
moderate to severe postoperative pain.
2 
  Failure to provide adequate analgesia impedes early 
physical therapy, delays recovery, leads to prolonged hospital stay, increases medical costs, 
increases patient suffering, and leads to poor patient satisfaction.
3 
  Many treatment regimens for 
managing postoperative pain include significant parenteral doses of opioid medications.  These 
treatment regimens are often associated with significant opioid-related side-effects including 
sedation, nausea, vomiting, pruritus, ileus, and urinary retention; side-effects that negatively 
affect patient outcomes.
4 
 
Peripheral nerve block (PNB), performed by injecting local anesthetic around a 
peripheral nerve, is a commonly used procedure that can be used for surgical anesthesia, as well 
as the management of postoperative pain.  PNB can provide superior analgesia with fewer side-
effects compared with conventional opioid analgesia delivered intravenously either on-demand 
or patient-controlled.
4 
  PNB has been shown to enhance patient rehabilitation and maximize 
patient comfort; however, PNB is also associated with risks.
5 
  Although rare, neurologic and 
other serious complications after PNB can be devastating to patients.
6 
  The incidence of 
complications after PNB still remains a matter of debate,
11 12 13 
 but several large studies have 
reported incidence rates of persistent, severe neurological complications as less than 0.2 percent.
7 
8 9 10 
  Few studies have examined the incidence of minor neurologic and non-neurologic 
complications that occur in the first few days post block placement and can impede patient 
recovery. 
 18 
Various techniques are utilized to perform PNB, but for the past two decades the use of a 
peripheral nerve stimulator has been considered the ‘gold standard’ technique to achieve regional 
anesthesia.
14 
  With the recent proliferation of ultrasound (US) guided PNB there has been much 
debate on the merits of US technology in comparison to nerve stimulation.  Whether the use of 
US can improve clinicians’ ability to successfully perform PNB remains in question.  Several 
randomized controlled trials attempted to answer this question, but because each study contained 
only a small number of participants, none were able to conclusively demonstrate a superior 
technique.
15 
 
Many adjuvants are combined with local anesthetics to increase efficacy of PNB, with 
epinephrine and clonidine being two of the most common.  The marked prolongation of 
analgesia produced by epinephrine is well known and dates back to the 1940’s.29 30   Meanwhile, 
clonidine’s effects when given intrathecally or epidurally have been well described and are 
related to the drug’s alpha-2 agonist properties.16   The benefit of clonidine in PNB is less well 
known.  Several RCTs and a few systematic reviews have been conducted to determine if 
clonidine improves quality and duration of block, but have produced varied results.
18 19 
  No 
study to date has attempted to compare epinephrine to clonidine to determine if one prolongs 
PNB duration more than the other. 
The goals of this non-randomized, quasi-experimental study are to assess the 
effectiveness of peripheral nerve block in terms of minor complications, patient satisfaction, and 
duration from time of block placement until pain onset, return of strength, and return of sensation.  
In addition, the effects of various techniques and local anesthetic adjuvants on these outcomes 
are explored. 
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METHODS 
Study Design and Subjects 
 We conducted a non-randomized, quasi-experimental study in a university-based, 
tertiary-care hospital to evaluate PNB effectiveness, minor complications, and patient 
satisfaction over a six-week period from February 16 through March 3, 2010.  All patients 
having upper or lower limb surgery who received a single-injection PNB as part of their 
anesthesia care by the Regional Pain Service were approached for enrollment.  A research 
assistant identified each patient prior to block placement to provide information on the study and 
to obtain informed consent.  Patients were allowed to decline enrollment in the study, although 
no patient chose to do so.  After enrollment, data from patients who received a continuous nerve 
block via catheter or who had more than one block performed were excluded from analysis. 
Data and Data Collection 
 Data related to the PNB were obtained at the time of block placement by a research 
assistant or member of the Regional Pain Service.  Variables used for this analysis included the 
indication for PNB, anatomic location of PNB, use of local anesthetic and dose, use of local 
anesthetic adjuvant and dose, and use of ultrasound and/or nerve stimulation during block 
placement.  Data on outcomes of PNB effectiveness, complications, and patient satisfaction were 
obtained within 48 hours after PNB placement through a brief verbal standardized questionnaire 
administered via telephone or bedside visit by a member of the Regional Pain Service.  This 
questionnaire included questions on the time from block placement until pain onset, return of 
sensation, and return of strength, as well as various minor complications, and questions used to 
assess patient satisfaction.  Minor complications included myalgia, erythema, hematoma, or 
edema overlying the block placement site.  If a patient had not experienced a return of sensation, 
 20 
he/she was contacted again in 24 hours to determine if sensation had returned.  If sensation had 
still not returned, the anesthesiologist who placed the block was contacted to conduct a more in-
depth follow-up.   
Patient satisfaction was assessed using a 10-point patient satisfaction scale (0 = 
completely dissatisfied, 10 = completely satisfied), and by inquiring if patients would consent to 
a PNB in the future if they had the option.  Patients who stated they would not consent to a future 
PNB were asked to select their reason from a list of possible reasons, with the option given to 
state a different reason.  The questionnaire is shown in Appendix 3. 
Statistical Analysis 
 Descriptive information on individual variables was reported as means and standard 
deviations for normally distributed continuous variables and percents for categorical variables.  
The distributions of the main study outcomes, hours until pain onset and the return of strength 
and sensation, were approximately normal based on histogram.  The study outcome of patient 
satisfaction was non-normal based on histogram, with negative skewness.  Significance tests for 
comparisons between main exposure groups, use of epinephrine, clonidine, ultrasound, or nerve 
stimulation, were performed using 2-sample, Student’s t test for normally distributed continuous 
variables. 
The categorical variable for peripheral nerve block technique and local anesthetic 
adjuvant had four categories and therefore indicator variables were created in order to perform 
linear regression for these variables.  If the linear regression analysis produced a statistically 
significant result, all individual associations within the regression were also tested for 
statistically significant associations.  If the linear regression analysis did not produce a 
statistically significant result, no further significance testing was performed.  Due to multiple 
 21 
comparisons the p-value was set to <0.01.  Statistical analysis was performed using STATA 
software (Version 11; StataCorp LP, College Station, TX, USA).   
Human Subjects Approval 
 This study was approved by the Institutional Review Board of the University of North 
Carolina at Chapel Hill. 
 
RESULTS 
 During the six-week study period, 116 patients received single-injection PNB performed 
by the Regional Pain Service of the UNC-Chapel Hill Department of Anesthesiology.  Follow-up 
data was available for 89 patients who received a total of 126 single-injection PNBs.  Fifty-five 
patients (61.8%) received one PNB, data from these patients was included in the study.  Thirty-
one patients (34.8%) received two blocks, and 3 patients (3.4%) received three blocks; data from 
these patients was excluded from the study. 
The most common indication for PNB was a preoperative block placed for postoperative 
analgesia, which accounted for 23 (42%) of the PNB (Table 2).  Interscalene, supraclavicular, 
and femoral blocks were the most commonly performed block types, making up 15 (27%), 12 
(22%), and 10 (18%) of the blocks respectively.  Sciatic blocks were the least commonly 
performed, accounting for only 1 (2%) block.  Ropivacaine was the most common local 
anesthetic administered, utilized in 35 (64%) blocks.  A second local anesthetic (lidocaine, 
ropivacaine, or mepivacaine) was used in 11 (20%) of the blocks.  Epinephrine alone was used as 
a local anesthetic adjuvant in 25 (45%) blocks, clonidine alone in 1 (2%) block, and the 
combination of epinephrine and clonidine was used in 9 (16%) blocks.  Ultrasound guidance 
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alone was used in 28 (51%) blocks, nerve stimulator guidance alone in 6 (11%) blocks, and a 
combination of US and nerve stimulation was used in 12 (22%) blocks. 
 Overall, the majority of patients had pain onset by the time of follow-up, with a mean 
time from block placement to pain onset of 14.9 hours (Table 3).  The mean duration until return 
of strength was 14.0 hours, with the majority of patients having return of strength at the time of 
follow-up.  The mean duration until return of sensation was 18.1 hours.  At the time of first 
follow-up, 4 patients were still experiencing numbness in the distribution of the nerve block; at 
the time of second follow-up, 3 of these patients still had numbness and 1 patient was lost to 
follow-up.  Overall, 14 patients experienced a minor complication as a result of the PNB, 5 of 
these patients experienced myalgia, 1 experienced hematoma, and 1 experienced pruritus at the 
site of nerve block.  
 Eighty-nine percent of patients reported a satisfaction score of 5 or greater on the 10-
point scale (Figure 1).  The majority of patients (93%) reported that they would consent to 
having a future PNB.  Two patients said they would decline a future nerve block because they 
did not like the loss of sensation associated with the block or because they disliked the sudden 
onset of pain when the block wore off. 
Overall, there were no statistically significant relationships between technique and 
duration until pain onset (Table 4).  PNB performed under ultrasound guidance alone provided 
the longest duration of pain control at 16.8 hours.  Compared to ultrasound guidance alone, pain 
onset occurred 3.0 hours earlier for blocks performed using the combination of ultrasound and 
nerve stimulator guidance, 5.1 hours earlier for blocks performed using only nerve stimulator 
guidance, and 10.0 hours earlier for blocks performed using neither ultrasound nor nerve 
stimulator guidance. 
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 Ultrasound-guided PNB and nerve stimulator-guided PNB provided the longest duration 
until return of strength at 15.0 hours and 14.9 hours respectively, while the combination 
technique provided only 11.3 hours of motor blockade.  There were no statistically significant 
differences between PNB technique and mean hours of motor blockade. 
 Overall, there were no statistically significant relationships between PNB technique and 
hours until return of sensation.  PNB performed under nerve stimulator guidance alone provided 
the longest duration until return of sensation at 20.1 hours.  Compared to this technique, return of 
sensation occurred 0.9 hours earlier for blocks performed using ultrasound guidance alone, 2.4 
hours earlier for blocks performed using the combination of ultrasound and nerve stimulator 
guidance, and 12.3 hours earlier for blocks performed using neither ultrasound nor nerve 
stimulator guidance. 
 There were also no statistically significant relationships between adjuvants and duration 
until pain onset (Table 5).  PNB performed using epinephrine or the combination of epinephrine 
and clonidine as local anesthetic adjuvants provided the longest duration of pain control at 15.7 
hours.  Comparatively, pain onset occurred 3.6 hours earlier for blocks using clonidine alone as 
an adjuvant, and 2.7 hours earlier for blocks using no local anesthetic adjuvants. 
 PNB that utilized the combination of epinephrine and clonidine provided the longest 
duration until return of strength at 17.3 hours.  Compared to this combination, return of strength 
occurred 3.8 hours earlier for PNB that used only epinephrine as an adjuvant, 4.2 hours earlier 
for PNB that did not use adjuvants, and 5.7 hours earlier for PNB that used clonidine alone as the 
local anesthetic adjuvant.  There were no statistically significant differences between adjuvant 
use and mean hours of motor blockade. 
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 Overall, there were no statistically significant relationships between PNB adjuvant use 
and hours until return of sensation.  PNB performed using clonidine alone or the combination of 
epinephrine and clonidine produced the longest duration until return of sensation at 20.1 hours.  
Compared to these adjuvants, return of sensation occurred 2.8 hours earlier for blocks performed 
using epinephrine alone as an adjuvant and 2.9 hours earlier for blocks performed using no local 
anesthetic adjuvants. 
 
DISCUSSION 
 
 This non-randomized, quasi-experimental study demonstrates that PNB is an effective 
and well-tolerated method of providing anesthesia in the surgical setting.  The various local 
anesthetic adjuvants and PNB techniques were equally efficacious, with blocks lasting for 
statistically similar durations in regard to pain onset, return of strength, and return of sensation.  
Overall, the blocks reported in this study were associated with a low incidence of minor 
complications, all of a transient nature, and no patient experienced a serious neurological 
complication. 
The marked prolongation of nerve block analgesia produced by epinephrine has been 
well documented.
29 30 
 Previous studies examining the use of epinephrine as a local anesthetic 
adjuvant found that the drug significantly lengthened the action of bupivacaine and other local 
anesthetics.
29 
 A double-blinded study by Swerdlow and colleagues found that the addition of 
1:200,000 epinephrine to 0.25mL of 0.25% bupivacaine injected subcutaneously produced 
analgesia lasting for a mean of 428.6 minutes (standard error: 39.9 minutes); an equal dose and 
concentration of bupivacaine without epinephrine produced analgesia lasting for a mean of only 
199.5 minutes (standard error: 33.4 minutes).
29 
 Another double-blinded study by Albert and 
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Lofstrom found that the addition of epinephrine to ulnar nerve blocks doubled the duration of 
action of the local anesthetic prilocaine and increased the duration four-fold for lidocaine.
30 
 Both 
studies suffered from small sample sizes, increasing the liklihood that results were due to chance; 
both also used healthy volunteers not undergoing surgery, which may have introduced potential 
confounders.  In the current study, the addition of epinephrine did not prolong the mean time 
until pain onset, return of strength or sensation significantly.  The disagreement with previous 
studies may be explained by the fact that the current study relied on patients’ recalling when they 
first experienced pain and the return of strength and sensation after the block.  Previous studies 
used more objective methods, such as serial pinprick testing, to determine the duration of nerve 
blocks. 
The use of clonidine as an adjuvant to local anesthetics is commonly believed to improve 
quality and prolong duration of PNB.  A recent systematic review and meta-analysis, including 
20 RCTs, evaluated whether participants who received local anesthetic plus clonidine had a 
longer duration of analgesia, sensory block, and motor block compared to participants who 
received local anesthetic plus placebo.
21 
 The review found that the addition of clonidine 
prolonged postoperative analgesia by 122 minutes (95% CI: 74-169 minutes), increased the 
duration of sensory block by 74 minutes (95% CI: 37-111 minutes), and increased duration of 
motor block by 141 minutes (95% CI 82-199 minutes) compared to placebo.
21 
 Another 
systematic review performed by McCartney and colleagues included 27 studies and reported that 
clonidine increased the duration of analgesia only when added to intermediate acting, but not 
long acting local anesthetics.
19 
 In the present study, in which 80 percent of PNBs were 
performed using long acting local anesthetics (ropivacaine and bupivacaine), the use of clonidine 
did not produce statistically prolonged durations until pain onset or return of strength and 
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sensation. The results of the present trial are more consistent with the review by McCartney and 
colleagues, showing that the addition of clonidine to long acting local anesthetics does not 
prolong the duration of PNB in a significant way. 
For the past two decades the use of peripheral nerve stimulator guidance has been 
considered the ‘gold standard’ technique to achieve regional anesthesia.14  However, the use of 
US-guided PNB has proliferated recently and there has been much debate about its merits in 
comparison to nerve stimulation.  A recent systematic review and meta-analysis compared the 
use of US guidance to nerve stimulator guidance in the performance of PNB to determine an 
optimal technique.  The review included 13 RCTs involving 946 pediatric and adult patients and 
concluded that US-guided PNB produced analgesia with a 25% longer mean duration (95% CI 
12-38%) than PNB performed with nerve stimulator guidance.
15 
 The current study found that US 
guidance, nerve stimulator guidance, and a combination of both techniques all resulted in a 
similar mean duration until pain onset and return of sensation, and that that duration was 
prolonged compared to the use of neither technique.  Our study does not corroborate the results 
of the previous systematic review, however our study had a much smaller sample size and may 
not have been adequately powered to detect a statistical difference. 
Our study reported minor acute complications as myalgia, erythema, hematoma, pruritus, 
or edema overlying the block site at the time of follow-up.  Fourteen patients (25%) experienced 
one of these complications.  Many of these minor complications have not been examined by 
other studies and therefore we are unable to compare our incidence rates with previous work.  
Likewise, the current literature does not contain data on patient satisfaction with PNB.  Overall, 
we found patients were very satisfied with  PNB, with the large majority (89%) rating their 
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experience as a 5 or greater on a patient satisfaction score from 0-10, and 93% stating they would 
consent to a future PNB if the option was available. 
The present study suffered from several limitations including measurement bias.  Data on 
the PNB duration were obtained via telephone or bedside visit and patients therefore had to recall 
the exact time of initial pain onset, return of strength, and return of sensation.  These data were 
subject to recall bias and may be unreliable.  The study outcomes are also difficult to measure 
because many patients underwent major surgery and had limbs in braces or wrapped in bandages, 
making it difficult to move or feel that limb.  In the future, serial testing every few hours could 
be performed to better estimate these durations.  Measurement bias also plays a role in the 
patient satisfaction outcome.  Patients were asked about their satisfaction level by a member of 
the Regional Pain Service who performed the PNB; this may have led patients to give a higher 
score than they otherwise would have chosen to avoid offending the person who administered the 
block.   
Our study was also subject to selection bias.  Endpoint data were missing from many 
patients resulting in a low follow-up rate; combined with the study’s small sample size, there is a 
large potential for selection bias and random chance. We attempted to account for random error 
by setting the significance level (p value) to less than 0.01 instead of the more commonly used 
value of 0.05. 
Our study demonstrates that acceptable patient outcomes were achieved with PNB 
utilizing either the US or nerve stimulator guidance technique and without the use of a local 
anesthetic adjuvant.  Using neither US nor nerve stimulator guidance produced shorter PNB 
duration than blocks performed using one or both techniques, but the difference was not 
statistically significant.  However, there may be a clinically significant difference between blocks 
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performed with and without a guidance technique, and it is therefore recommended that at least 
one technique be utilized when performing PNB.  Additional research with a much larger sample 
size is necessary to further explore the relationship between local anesthetic adjuvants, PNB 
guidance technique, and duration of PNB.  A large randomized controlled trial assigning patients 
to one of the techniques and adjuvants would be ideal.  If future research supports the findings of 
the present study, cost-effectiveness research would then be appropriate to determine which 
technique is most cost-effective. 
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Table 2.  Single-Injection Peripheral Nerve Block Characteristics* 
 N (%)† 
Total Number of Blocks 55 (100) 
Indication for Block 
     Surgical Anesthesia 
     Postoperative Pain (Placed Preoperatively) 
     Postoperative Pain (Placed Postoperatively) 
     Not Recorded (NR) 
 
20 (36) 
23 (42) 
10 (18) 
2 (4) 
Types of Blocks 
     Ankle 
     Axillary  
     Femoral 
     Infraclavicular 
     Interscalene 
     Popliteal 
     Sciatic 
     Supraclavicular 
     NR 
 
5 (9) 
2 (4) 
10 (18) 
2 (4) 
15 (27) 
8 (15) 
1 (2) 
12 (22) 
0 (0) 
Primary Local Anesthetic Administered 
     Bupivacaine 
     Chloroprocaine 
     Lidocaine 
     Mepivacaine 
     Ropivacaine 
     NR 
 
9 (16) 
1 (2) 
5 (9) 
3 (5) 
35 (64) 
2 (4) 
Secondary Local Anesthetic Administered (N=11) 
     Lidocaine 
     Mepivacaine 
     Ropivacaine 
 
5 (45) 
1 (9) 
5 (45) 
Local Anesthetic Adjuvant Administered 
     Neither epinephrine nor clonidine 
     Epinephrine only 
     Clonidine only 
     Both epinephrine and clonidine 
     NR 
 
18 (33) 
25 (45) 
1 (2) 
9 (16) 
2 (4) 
PNB Technique Performed 
     Neither ultrasound (US) nor nerve stimulation (NS)   
     US only 
     NS only 
     Both US and NS 
     NR 
 
3 (5) 
28 (51) 
6 (11) 
12 (22) 
6 (11) 
*  Descriptive information reported as sample size (percent) for categorical variables 
†  Percentages may not add to 100 due to rounding 
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Table 3.  Peripheral Nerve Block Outcomes*§ 
 N (%)† 
Pain Onset at Time of Follow-Up 
     Yes 
     No 
     NR 
 
51 (93) 
2 (4) 
2 (4) 
Mean ± SD Hours to Pain Onset (N=45) 14.9 ± 7.1 
Return of Strength at Time of Follow-Up 
     Yes 
     No 
     NR 
 
50 (91) 
1 (2) 
4 (7) 
Mean ± SD Hours to Return of Strength (N=46) 14.0 ± 7.1 
Return of Sensation at Time of Follow-Up 
     Yes 
     No 
     NR 
 
49 (89) 
4 (7) 
2 (4) 
Mean ± SD Hours to Return of Sensation (N=47) 18.1 ± 7.3 
Minor Complication at Time of Follow-Up 
     Yes 
     No 
     NR 
 
14 (25) 
40 (73) 
1 (2) 
Type of Minor Complication (N=14) 
     Bruising 
     Itching 
     Soreness 
     NR 
 
1 (7) 
1 (7) 
5 (36) 
7 (50) 
Patient Satisfaction Score (0-10 Scale) 
     <5 
     >5 
     NR 
 
3 (5) 
49 (89) 
3 (5) 
Consent to Future PNB 
     Yes 
     No 
     NR 
 
51 (93) 
2 (4) 
2 (4) 
* Descriptive information reported as means and standard deviations for normally distributed continuous 
variables, percents for categorical variables 
§  Data collected within 48 hours after PNB placement through a brief verbal standardized questionnaire 
administered via telephone or bedside visit by a member of the Regional Pain Service 
†  N = 55 unless otherwise noted. Percentages may not add to 100 due to rounding 
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Figure 1. PNB patient satisfaction scores.  A score of 0 means the patient was 
completely unsatisfied while a score of 10 means the patient was 
completely satisfied. 
 
 
 
Table 4. The effects of ultrasound and/or nerve stimulation on the time to pain onset, 
return of strength, and return of sensation*† 
 Neither  
 
 
Ultrasound 
only 
Nerve 
Stimulation 
only 
Ultrasound 
plus Nerve 
Stimulation 
p value 
Mean ± SD Hours to 
Pain Onset 
 
6.8 ± 4.2 16.8 ± 6.8 11.7 ± 2.3 13.8 ± 5.8 0.05 
Mean ± SD Hours to 
Return of Strength 
 
10.8 ± 7.9 15.0 ± 6.5 14.9 ± 6.6 11.3 ± 8.0 0.47 
Mean ± SD Hours to 
Return of Sensation 
 
7.8 ± 6.1 19.2 ± 6.7 20.1 ± 4.4 17.7 ± 6.8 0.05 
* Significance tests performed using linear regression analysis for normally distributed continuous variables  
† N = 55 unless otherwise noted 
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Table 5. The effects of epinephrine and/or clonidine on the time to pain onset,   
  return of strength, and return of sensation*† 
 Neither  
 
 
Epinephrine 
only 
Clonidine 
only 
Epinephrine 
and 
Clonidine 
p value 
Mean ± SD Hours to 
Pain Onset 
 
13.0 ± 6.8 15.7 ± 6.8 13.1 ± 0 15.7 ± 7.9 0.71 
Mean ± SD Hours to 
Return of Strength 
 
13.1 ± 7.7 13.5 ± 6.4 11.6 ± 0 17.3 ± 5.9 0.61 
Mean ± SD Hours to 
Return of Sensation 
 
17.2 ± 8.4 17.3 ± 6.4 20.1 ± 0 20.1 ± 7.5 0.75 
* Significance tests performed using linear regression analysis for normally distributed continuous variables 
† N = 55 unless otherwise noted 
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Appendix 1. 
Literature Review Search Strategy 
Date Database Main Search Terms Modifiers Yield Articles Used 
Search 
3/2/2010 PubMed (nerve block) None 13,099 No 
3/2/2010 PubMed (nerve block) Published in last 
10 years, 
Humans, English 
4,135 No 
3/2/2010 PubMed (nerve block) AND 
(analgesia) 
Published in last 
10 years, 
Humans, English 
451 No 
3/2/2010 PubMed (nerve block) AND 
(analgesia) AND 
(treatment outcome) 
Published in last 
10 years, 
Humans, English 
93 No 
3/2/2010 PubMed (nerve block) AND 
(analgesia) AND 
(treatment outcome) 
Published in last 
10 years, 
Humans, English 
Reviewed 93 titles, 
abstracts, and 
reference lists of 
selected studies to 
yield 9 relevant 
studies  
Yes 
3/2/2010 PubMed (autonomic nerve 
block) 
Published in last 
10 years, 
Humans, English 
 
 
353 No 
3/3/2010 PubMed (quality assurance OR 
quality improvement 
OR outcome 
assessment OR  
treatment outcome) 
AND (nerve block) 
AND (analgesia) 
None 339 No 
3/16/2010 PubMed (quality assurance OR 
quality improvement 
OR outcome 
assessment OR  
treatment outcome) 
AND (nerve block) 
AND (analgesia) 
Published in last 
10 years, 
Humans, English 
242 No 
3/17/2010 PubMed (quality assurance OR 
quality improvement 
OR outcome 
assessment OR  
treatment outcome) 
AND (nerve block) 
AND (analgesia) 
Published in last 
10 years, 
Humans, English 
Reviewed 242 article 
titles and reduced 
articles to 27 
No 
3/17/2010 PubMed (quality assurance OR 
quality improvement 
OR outcome 
assessment OR  
Published in last 
10 years, 
Humans, English 
Reviewed 27 
abstracts and reduced 
articles to 8. Added 3 
articles from 
Yes 
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treatment outcome) 
AND (nerve block) 
AND (analgesia) 
reference lists.  
3/18/2010 PubMed (quality assurance OR 
quality improvement 
OR outcome 
assessment OR  
treatment outcome) 
AND (nerve block) 
AND (analgesia) 
Published in last 
10 years, 
Humans, English 
Of 11 studies. 3 
excluded for poor 
quality rating, 1 for 
only orthopedic pt 
population, 2 for 
inferior study 
designs. 
Yes 
